Study objectives -To document changes in smoking style around infants over time and to identify factors associated with the smoking hygiene of mothers and others.
(1.30, 2.33)), low birth weight (1.69 (1.27, 2.23)), being born after 1 May 1991 (1-67 (1.33, 2-11)), and private health insurance status (1.39 (1.02, 1.90)). Good smoking hygiene was negatively associated with maternal smoking during pregnancy (0.50 (0-31, 0.80)), intention to bottle feed (0-62 (0.49, 0.78)), the level of maternal postnatal smoking, increasing numbers of smokers in the household, and parents cohabiting but unmarried. A similar analysis was conducted for other household residents who smoked. Conclusions -Changes in maternal smoking prevalence have been small. The exposure of infants to tobacco smoke postnatally has decreased significantly, although a large proportion of infants are still exposed to tobacco smoke. The identification of the above parental and infant factors associated with good smoking hygiene should be usefuil for health education planning.
(J7 Epidemiol Community Health 1996;50:40-46) Exposure to environmental tobacco smoke (ETS) is a serious public health problem.' The US Environmental Protection Agency has reviewed the scientific evidence on the respiratory health effects of passive smoking. It concluded that, for children, ETS exposure is causally associated with an increased risk of lower respiratory tract infections, increased prevalence of fluid in the middle ear, symptoms of upper respiratory tract irritation, a reduction in lung function, and the precipitation or exacerbation of asthma in childhood.' The role of passive smoking in the causation of asthma is unclear but at least three studies have suggested that children exposed to ETS may have a higher than average risk of asthma.2 Postnatal passive smoking by the infant also seems to increase the risk of SIDS in addition to the adverse effect of smoking during pregnancy on SIDS. 34 The American Academy of Pediatrics has recently recommended that a tobacco free environment should be an imperative for the health of children and adolescents.5
To achieve the goal of a tobacco free environment, it is important to identify the characteristics of smokers with poor smoking hygiene and to monitor smoking hygiene trends over time. Children whose parents smoke have often also been exposed to smoke during fetal development, making it difficult to separate these two periods of passive smoking.6 Most studies on the effect of passive smoking in the home have related mother's smoking to the child's health problems. However, the physical distance between the new baby and the smoking mother or other family members will also correlate with the amount of cotinine in the baby's urine in addition to the amount smoked.78 This means that studies investigating the relationship between parental smoking and child health should also examine parental smoking hygiene.
Here we examine the smoking and smoking hygiene patterns of mothers and others in an infant cohort study. We examine changes in smoking style over time, the association ofgood smoking hygiene with maternal, infant and environmental factors, and the relationship between smoking during pregnancy and postnatal smoking hygiene after controlling for relevant confounding factors, including the amount smoked.
Methods
An ongoing prospective cohort study was begun in 1988 to investigate the aetiology of SIDS. It involves the six major obstetric hospitals in Tasmania, representing approximately 93% of live births in this state. Infants born within these hospitals are assessed using a scoring system to predict those at higher risk of SIDS. The development and performance of this model is described elsewhere.9 The infants are given a composite score based on maternal age, birth weight, season of birth, infant sex, duration of the second stage of labour, and intended infant feeding. Infants with a score over a certain cut off point are eligible to join the study. All multiple births are also included in the study. Infants with severe neonatal disease or a major congenital anomaly, infants who would not be resident in Tasmania at one month of age, and infants for adoption are excluded from the study.
Standard study measurements were collected by research assistants in three stages. Firstly, a hospital interview was conducted when the infant was four days of age. Sociodemographic, obstetric, and perinatal data, including information on maternal smoking practice, nutrition, and alcohol during pregnancy were obtained. The data on antenatal smoking included maternal active cigarette smoking by trimester, whether the mother lived with a smoker while pregnant, and average exposure to tobacco smoke inside and outside the home in terms of approximate number of cigarettes per day and minutes exposed. Birth weight, height, head circumference, and tricep and subscapular skinfold thickness measurements were recorded. Secondly, a home visit was conducted after the infant had reached four weeks of age -during the fifth postnatal week. Premature infants ( < 36 weeks' gestation) were seen at 40 weeks postconceptional age. The home visit was deferred if the infant had not been discharged from hospital at least two weeks previously. A comprehensive questionnaire was administered. Data on postnatal smoking included active maternal smoking (cigarettes/day), whether the mother smoked in the same room as the infant or while feeding or holding the infant, number of other adults in the household who smoked, amount of smoking by other adults (total number of cigarettes/day) and whether the partner or other adults smoked in the same room as the infant or while feeding or holding the infant. If the mother or other smoked in a room when the baby was also physically occupying the same room then they were said to have smoked in the same room as the infant. Data were also obtained on the usual sleep position and pattern, body movement during sleep, infant illness and health service attendance, pattern and type of infant feeding, infant overnight clothing and bedding, home heating, ventilation and housing, and other characteristics of the infant and parental care. Anthropometric and temperature measurements were made on the infant and a developmental assessment was conducted. The physical features of the house were noted. Humidity and the 24 hour maxmin infant bedroom temperature on the day of home visit were recorded. Thirdly, a phone interview was conducted when the infant was 10 weeks of age, to review infant progress, illness history, feeding, and immunisation status.
In May 1991, findings from the study that infants who slept prone were at greater risk of SIDS were published'0 and study participants were informed of this finding on how to reduce the risk of SIDS. By July 1991, the National radio immunoassay (DPC). The detected urinary cotinine concentrations ranged from 37-8 ng/ml to 221 ng/ml. Urinary cotinine results were compared with questionnaire responses. Thirteen samples were collected from infants of mothers who smoked postnatally. All mothers who smoked stated that their children had been exposed to tobacco smoke in the preceding 48 hours. Of these samples, four were positive for cotinine and nine were not. In all positive samples, the mother sometimes or usually smoked in the same room as the infant. For the nine negative samples, only two of the smoking mothers stated that they never smoked in the same room as the infant. Eighteen samples were collected from mothers who did not smoke. One sample was positive. In this case the mother was a non-smoker but lived with a smoker who had smoked 50 cigarettes inside the house in the preceding 48 hours.
STATISTICAL METHODS
Smoking patterns in the cohort over time were examined using frequency tables and a one- sided x2 test for trend.'2 Logistic regression models'3 were built to identify the factors independently associated with good smoking hygiene. Change in estimate methods were used to examine the effect of a potential confounder on an exposure disease association. In a statistical sense, a factor was said to confound an exposure-disease association if the risk ratio was altered by more than 10% after controlling for that individual factor.'4 For mothers, the analysis was restricted to mothers who smoked (1-34, 2-02) 
Discussion
The proportion of mothers smoking during the first trimester or postnatally did not decrease significantly during the time period ofthe study. However the proportion of mothers smoking during the second or third trimester did decline over time, suggesting antenatal smoking cessation advice is having some impact, at least during pregnancy. The level of smoking for Australian women is of concern. A national report examining age standardised smoking trends in Australia showed that the prevalence of smoking had fallen, particularly among men, between 1976 and 1989, with the prevalence of smoking among women not significantly different to that of men in the last of the six surveys. 16 Our centre has recently reported that the incidence of lung cancer in young Tasmanian women (25-44 years) was higher than their male counterparts during the period 1983 to 1992.17 Thus, the level of smoking among women of child bearing age remains a large public health problem.
The data do, however, show an improvement over time in the smoking hygiene of mothers who smoke and of other smokers in relation to smoking near infants. Although these trends are encouraging, it should be noted that even for the most recent year of data, two thirds of mothers who smoked sometimes or usually smoked in the same room as their infant, suggesting a good deal of further improvement is required before the goal of a tobacco free environment for children5 is achieved.
The cohort study has collected standard information over time and has a high response rate -minimising selection bias. Although the smoking data are based on selfreport, reporting bias is unlikely to be an explanation of smoking hygiene findings in this study for several reasons. Urinary cotinine has been found to be highly correlated (p<0Q0001) with the parental report of exposure to tobacco smoke. 18 Salivary cotinine levels have previously been shown to relate well to self reported smoking in an adult Australian sample (n = 1 177), with a sensitivity of 92-6% and specificity of 93.4%.19 In addition, in the small validation study conducted here, no detectable urinary cotinine was found in the urine of infants whose mothers reported that they had not been exposed to tobacco smoke in the preceding 48 hours. However, the cotinine assay used here was less sensitive than other reported assays. 18 20 Overall, the urinary cotinine assay had a sensitivity of 31% and specificity of 94% in relation to maternal smoking. We plan to repeat the smoking validation facet of this study using a larger sample and a more sensitive assay.
This cohort is not a representative sample of live births. However, in order for the results of an analytical cohort study to be generalisable to other populations it is not necessary for the cohort to be representative of the community from which it was selected.2 22 Mietinenen states that the key concerns with regard to a study base are that the eligible participants are well defined, that there is a good distribution of determinants, confounders, and modifiers in the study and adequate sample size.22 This cohort fulfills these criteria. Therefore we do not consider that the lack of representativeness of the cohort, in itself, affects external validity. However, the generalisation of these results to other settings should include an assessment of how similar the target population is to this cohort with regard to maternal and other behaviours.
Mothers whose infants were born after May 1, 1991 had better smoking hygiene habits, even after adjustment for socioeconomic factors, the components of the scoring system used to define cohort eligibility, and other factors such as amount smoked postnatally. The improvement in smoking hygiene over time could not be explained by changes over time of any of the factors listed in table 1. The improvement of parental smoking hygiene over time can be attributed partly to health education activities with regard to smoking hygiene, such as the national campaign to "Reduce the risk of SIDS". The finding that the amount smoked is inversely related to good smoking hygiene for mothers and others is of concern, because the more a person smokes, the more important it is that she or he should have good smoking hygiene near infants. Low birth weight of the infant was associated with better smoking hygiene in the mother. This may be because the mothers of low birth weight infants considered them to be more vulnerable. Mothers who smoked postnatally were more likely to have good smoking hygiene if the infant was their first born. However, we did not find that mothers of first born infants had a greater improvement in smoking hygiene over time than the mothers of children of higher birth order. Mothers and others in the household of infants who were born during the cooler months of May, June, and July tended to be less likely to have good smoking hygienepresumably because the cold weather discouraged smoking outside or in another part of the house to where the infant was located.
Maternal smoking during pregnancy was associated with poorer smoking hygiene, even after adjustment for confounders such as amount smoked (table 2) . This finding may partially reflect reporting bias -with honest smoking mothers more likely to admit to smoking during pregnancy and also to smoking in the same room as their baby. We explored the effect of such differential misclassification on the association between smoking during pregnancy and good smoking hygiene (unadjusted OR=030 (020, 046)) using four assumptions. Firstly, that the misclassification of smoking during pregnancy and smoking hygiene was as extreme as 15%; that mothers who did not report smoking during pregnancy were twice as likely to falsely report good smoking hygiene; that mothers who reported good smoking hygiene were twice as likely to falsely report that they didn't smoke during pregnancy, and that falsely reporting on both smoking during pregnancy and smoking hygiene was twice as common as a single false report. Even with this extent of misclassification, smoking during pregnancy remained inversely associated with good smoking hygiene (OR= 0 50 (030, 0-82)).
Interestingly, mothers who smoked postnatally and were also passively exposed to more tobacco smoke antenatally were also likely to have poor smoking hygiene. This could suggest a subculture of high environmental tobacco smoke exposure or that these mothers were tolerant of a smoking atmosphere and did not perceive it as an important health risk for their child in utero or postnatally. The cohabiting arrangement of the parents was related to maternal smoking hygiene. Smoking mothers with good smoking hygiene were more likely to use airfreshener in the baby's bedroom than those with poor smoking hygiene. It is likely that these mothers were well intentioned but not aware that a more appropriate action would be to ventilate the baby's room well.
The smoking hygiene of "others" was requested rather than "father" because the cohort sample has many young mothers and only 57% of the cohort mothers were married. It was our experience that the maternal grandmother is often a significant carer and visitor to young, single mothers and the question was broadened to include people such as this. The smoking hygiene of others around the infant was also found to improve over time. Again, an inverse relationship was found between amount smoked and good smoking hygiene. Not surprisingly, the smoking hygiene of others around the baby was better if the baby's mother did not smoke. Non-smoking mothers would be more likely to perceive environmental tobacco smoke as hazardous and hence instruct others not to smoke around baby.
This report centres on the smoking hygiene of mothers and others. Knowledge of factors associated with good smoking hygiene and trends over time should lead to health benefits for the infant. The United States Environmental Protection Agency has concluded, after an extensive review of scientifc evidence, that postnatal exposure to environmental tobacco smoke as well as maternal smoking during pregnancy can predispose a child to a variety of respiratory effects that can, themselves, have long term consequences.23 In a recent casecontrol study in southern California, the adjusted odds ratio for SIDS associated with passive smoking from the mother, father, and other sources was 3 50 (1-81, 6-75) after adjustment for maternal smoking during pregnancy, birth weight, sleep position, prenatal care, medical conditions at birth, and breast feeding.24 In a recent, large cross sectional study, Cook et al investigated the relationship of individual, family and community factors to passive exposure to tobacco smoke in children aged 5-7 years, using salivary cotinine concentration as a biological marker of exposure. The geometric mean for salivary cotinine rose from 0-29 (0-28, 0-31) ng/ml in children with no identified exposure to cigarette smoke to 4 05 (3-71, 4 42) ng/ml ifboth parents smoked. The cotinine concentration was strongly related to the number of smokers to whom the child was usually exposed. 20 
